A discussion of the packing of the molecules in the structure is given.
The material used in the investigations was prepared by Dr W. S. Rapson of the Chemistry Department of the University of Cape Town by the method of Gull & Turner (1929) . Suitable crystals for examination by means of X-rays were obtained by slow evaporation of a solution in ethyl acetate. The crystals are light amber in colour, and are usually in the form of flat plates or thin elongated needles, some of which show the {011} prism faces round the zone [100] . Goniometer measurements gave the angles between such faces at 63° 30' and 116° 30'. The directions of the crystal axes were chosen so that the angle between the (Oil) and (011) faces was 63° 30'.
As an aid in guessing a provisional structure, the refractive indices of the crystal for light vibrating along the three principal axes were determined. Small crystals immersed in mixtures of a-monobromonaphthalin and paraffin, or for bigger refrac tive indices in methylene iodide and sulphur, were examined under a polarizing microscope. The concentration of the mixture was altered until the crystal became nearly invisible. The Becke line phenomenon was used as an indication of the direc tion in which the concentration had to be altered in any given case. By suitable manipulation of the crystals all three refractive indices were investigated in this way, and the values a =1*49, /?> 1-78, y > 1*78
were obtained with sodium illumination for light vibrating parallel to the a, b, c axes respectively. The crystal is therefore optically negative, and very strongly doubly refracting.
The crystal structure o f 4 : 4'-dinitrodiphenyl [C12H 8( N 0 2)2]
[314 ]
T h e u n i t c e l l a n d t h e s p a c e g r o u p
A series of oscillation photographs was made with Cu radiation.* The dimen sions of the unit cell obtained from these are a = 3*77 A, 6 = 9-56 A, c = 15*39 A.
The density of the crystal, as determined by the method of flotation, lies between 1*4 and l*5g./c.c. The unit cell must therefore contain two molecules of C12H 8(N 02)2, corresponding to a true density of l*45g./c.c.
All the spectra recorded on the oscillation photographs fell accurately on both layer-lines and row-lines, and the films were indexed without ambiguity on rect angular reciprocal lattice nets, suggesting orthorhombic symmetry; however, for reasons given below it is clear th at the crystalline symmetry is actually only monoclinic. General reflexions hkl of all types occur, showing th at the unit cell having the above dimensions is primitive. Reflexions hOl are present only if l is even. The structure therefore has glide planes of symmetry parallel to (010) with a glide \b. There are no other systematic absences.
That this structure cannot be orthorhombic may be shown as follows. If the crystal belongs to "the orthorhombic class, there must be at least one, and possibly two, mirror planes of symmetry in addition to the single glide plane deter mined by X-ray measurements. Since the crystal contains only two molecules to the unit cell, both of which are accounted for by the glide plane, it follows th at these additional mirror planes, if present, must be symmetry planes of the molecules themselves. Consider first the (100) planes. The observed spacing, 3*77 A, is about equal to the thickness of a benzene ring as determined from the structure of a number of aromatic compounds. The width of the rings is considerably greater than this (about 6*0 A), and so, if the (100) planes are symmetry planes of the molecule, they must coincide with the planes of the benzene rings. There are then two possibilities for the nitro-groups. Either the plane of these groups must lie in the (100) mirror planes, or the mirror planes must contain the nitrogen atom and be perpendicular to the line joining the oxygen atoms. The 0 -0 distance in a nitro-group is 2* 14 A according to the work of James, King & Horrocks (1935) on -dinitrobenzene. Adding the distance 2*7 A for the radii of the oxygen atoms, we obtain a width of a t least 4*8 A for the group, considerably greater than the (100) spacing of 3*77 A. The arrangement with the 0 -0 distances perpendicular to the (100) planes is there fore ruled out, and the only possibility consistent with the molecular dimensions is th at in which all the atoms of the molecule lie in the (100) planes. This means th at all the atoms would scatter in phase for spectra of type &00. The 100 spectrum should be very strong, and the successive orders should diminish steadily in intensity. The 100 spectrum is actually weak in comparison with some of the stronger spectra recorded on the films, whereas on the assumption we are discussing it should have been the strongest o all. Moreover, 200 is absent and 300 very weak. We must conclude therefore that all the atoms cannot lie in the plane (100), and th at this plane cannot be a mirror plane of the structure.
A similar argument, based on the molecular dimensions, and the size of the unit cell shows that the (001) planes cannot be mirror planes of symmetry of the molecule, and we are therefore left with the glide planes (010) as the only remaining symmetry planes of the structure. If this argument is correct, the structure is therefore not orthorhombic but monoclinic.
The results of this discussion, which is based principally on packing considera tions, are supported by a closer examination of the crystals themselves, and of the rotation photographs. It is found that (1) the crystals do not show straight extinc tion when examined between crossed Nicols in a polarizing microscope, and (2) there is in some cases a marked difference between the intensities of the corresponding spectra hkl and hkl, or of hkl and hkl, while the i equal. At a later stage in the work, relative intensity measurements of all spectra of the form hOl were made, and it was found that hOl and hOl frequently differed greatly in intensity. These results are inconsistent with orthorhombic but con sistent with monoclinic symmetry.
The elimination of the possibility of orthorhombic symmetry fixes the spacegroup as Cg or Pc in the Hermann-Maugin notation, a group of the monoclinic hemihedral class. The rotation photographs show row-lines as well as layer-lines, and all the spots can be indexed accurately on rectangular reciprocal lattice nets. The crystal axes chosen are thus orthogonal, and although the crystal is structurally monoclinic, the monoclinic angle /?, referred to them, is very nearly equal to 90°.
P r e l i m i n a r y e s t i m a t e o p t h e s t r u c t u r e
In attempting to estimate a probable structure for the crystal, it was assumed th at both benzene rings lay in the same plane and had a common axis, so th at the point midway between the two rings was a symmetry centre for the double-ring system. Provisionally, it was also assumed that the links from the benzene rings to the nitrogen atoms of the NOa groups were continuations of the axis of the ring system, and that this axis was also a two-fold symmetry axis of the nitro-groups; but rotation of the nitro-groups about the axis was assumed possible, in such a way as to maintain a symmetry centre at the point midway between the rings. Each ring was assumed to be a regular hexagon of side 1 -40 A, in accordance with the results of Mrs Lonsdale (1929), Robertson (1936) and others. According to Dhar (1932) the C-C link in diphenyl has a length of 1*48 A, and this distance was assumed provisionally for dinitrodiphenyl. The size and shape of the nitro-groups assumed in this work were based on the results of James, King & Horrocks (1935) on para-dinitrobenzene.
With the assumed dimensions, solid cardboard models of the molecules were made to scale, and an attem pt was made to pack them into the volume of the unit cell, with due regard to the symmetry conditions. In this preliminary work, the refractive index measurements were of considerable help. The crystal has two very large refrac tive indices (> 1*78) for light vibrating parallel to the b and c axes, and one much smaller (1*49) for vibration parallel to the a axis. We may therefore infer that the directions b and c are nearly parallel to the plane of the rings, and that a is nearly perpendicular to the plane of the rings.
It was therefore assumed that the two benzene rings, and the two nitrogen atoms in the molecule lay parallel to the plane (100). In order to pack the molecules into the unit cell it was then necessary to incline the long axis of the molecule at an angle of about 35° to the b axis, and to tilt the nitro-groups so that the line joining the oxygen atoms made an angle of about 25° with the (100) planes.
The type of arrangement to which this reasoning leads may be seen from figure 2, which represents the projection of the final structure on the be plane, viewed parallel to the a axis. More detailed work, based on intensity measurements, shows these preliminary ideas to be very near the truth.
The crystal structure of 4:4 S t r u c t u r e f a c t o r c a l c u l a t i o n s
If the origin of co-ordinates is taken midway between the two glide planes (010) in the unit cell, the fractional co-ordinates of the two equivalent general points for the space-group Pc are *» y> *5 X, \ -y , 1 + 2.
It will be assumed in calculating the structure factors that the molecule has a centre of symmetry. The structure as a whole has no such centre; for this in conjunction with the glide plane would imply a screw axis, which does not exist. The centre of the molecule must therefore be displaced from the origin midway between the glide planes by a distance p, say, parallel to the b axis. There is no need to introduce any displacement parallel to a and c, for the distances between corresponding atoms in these directions are fixed by the translations of the cell and of the glide planes. The co-ordinate of an atom and of that symmetrically disposed to it relative to the centre of symmetry of the molecule may then be written
and those of the corresponding atoms derived from these by the symmetry elements of the space-group ±(*>i-y+2b2 + i).
The structure factor F(hkV) for the general planes | ) may then be written
In (2) and (3) / is the appropriate atomic scattering factor of the atom whose co-ordinates are (x,y,z) , and the summation is to be taken over all the one-half of the molecule.
T h e F o u r i e r s y n t h e s i s o f t h e s t r u c t u r e
In determining the structure, the method of the double Fourier series, developed' by W. L. Bragg (1929) , has been used. If, as we have provisionally assumed, the molecule has a centre of symmetry, the projection of the structure parallel to the b axis on the plane (010) has also a centre of symmetry. The surface density of the projection p(x,z) may therefore be written in the form 1 -f-00 -j-00
F(hOl) being given in magnitude and sign by A(hOl) in equations (2) and (3). The projections along the a and c axes have no symmetry centres, even in the case of the symmetrical molecule. The density p(y, z) of the projection parallel to a on the be plane is given by
where tx(0kl) = tan-1--^, and | F(0kl) | <J(A2 + B 2). The projection p{y,z) was A{0kiy determined first, since the provisional structure promised clear resolution of the molecules in the be plane.
R e l a t i v e i n t e n s i t y m e a s u r e m e n t s
In order to evaluate the series for p(y, z) it was necessary to determine the structure factors of the type F(Qkl) for all spectra of appreciable strength. For this purpose crystal prisms, elongated along the a axis, were used. One such prism, 0-3 mm. long and of nearly square cross-section with a side about 0-2 mm., was set for rotations about the a axis, the crystal being completely immersed in a beam of Cu K a radia tion. For a crystal of this size, the absorption of the radiation could be neglected.
An ionization spectrometer and integrating photometer were not available, so that no absolute measurements of intensity could be made, and a set of relative measurements had to suffice. These were obtained by means of a photographically recording microphotometer, calibrated by a sector-wheel arrangement. Common spectra on successive films were used for standardizing one film with respect to the next, until the strength of each spectrum was given by at least six independent
The crystal structure of 4:4'-dinitrodiphenyl 319 determinations. The mean of these values was taken to represent the intensity of the spectrum.
The exact relationship between the relative strengths of the spectra measured in this way and their corresponding integrated intensities was not known, and this was a fundamental difficulty in the work, since it made a truly absolute comparison between observed and calculated values of | F(hkl) | impossible. The assumption was made that the heights of the peaks on the photometer trace, properly calibrated, were proportional to the integrated reflexions of the corresponding spectra. This led to no inconsistencies, and was certainly a much better approximation to the tru th than could be obtained by mere visual estimation. The way in which it proved to be possible to relate observed and calculated intensities when the nature of the structure was known showed th at no great error had been introduced in this way.
T h e p r o j e c t i o n o n t h e be p l a n e
Before evaluating the series, it was necessary to adjust the provisional structure until there was general agreement between the observed structure factors | F{OJcl) \ and those calculated from the assumed atomic co-ordinates. As a first step, spectra of the type 00Z were examined, for which the structure factor has the simple form A(OOZ) = 4 2 /cos 2nlz.
It was found possible to adjust the z co-ordinates so as to get a good general fit as regards rise and fall of intensities between observed and calculated values; and once this was done it was possible to get an idea of the absolute value corresponding to any observed strength of spectrum. The calculations were then extended to the OfcO spectra, and an approximate value for the parameter which gives the displacement of the assumed centre of symmetry of the molecule from the origin in the direction of the 6 axis, was determined. Finally, spectra of the type 0 were considered, and it was found possible to adjust the provisional co-ordinates in such a way as to obtain a fairly good general fit between the observed and calculated values of I F(0kl) |. With these adjusted provisional co-ordinates a complete set of values of A(Okl) and B(Okl) was calculated from equations (2) and (3), and from these the values of ot(Okl) were evaluated for use in the Fourier series given by equation (5). In the calculations of A (OK) and B(Qkl) the values o f/fo r C, N, and 0 tabulated by James & Brindley (1931) were used. No correction was made for thermal move ments. Data for this purpose were entirely lacking, and in any case the motions involved are probably as much intramolecular as intermolecular and are conse quently very difficult to allow fori
With the calculated values of a (0 k l )and the observed series was evaluated, the method used being substantially that described by Lipson & Beevers (1936) .
The contour diagram obtained from the final values of p(y, z) for the projection parallel to a on the be face is shown in figure 1 . It may be interpreted by means of the key diagram, figure 2. The projection gives a good outline of the molecules, and shows clearly the general scheme of packing. I t suggests (a) th a t the two benzene rings in the molecule are co-planar, (6) th at there is probably some tilt of the planes of the rings relative to the be plane, but th a t this tilt cannot be very large, and (c) th a t the line joining the two oxygen atoms in the nitro-group is inclined to the be plane, an assumption made provisionally in the tentative structure. I t is not possible to determine with any accuracy from this projection the direction and amount of the tilts. The y and z parameters can be determined with considerable accuracy, but all the information th a t the projection gives about the parameters is th at these are relatively small, because of the approximately regular form of the projections of the benzene rings.
The strongest reflexions of the type 0 I c lare 008, 04 accounts for this, since it shows th at most of the atoms lie on or very near sets of planes with the corresponding spacings. W ith the co-ordinates obtained from the projection, the calculated intensities of 008, 0411, and 043 are respectively 53, 57 and 51 % of the possible maxima. Assuming this to be correct, it is possible to get an approximate absolute standardization of the observed intensities, and this was of great value in determining the x parameters when the structure was projected parallel to 6 on the ae plane.
T h e p r o j e c t i o n o n t h e ae p l a n e
Inspection of the projection on the be plane shows at once th a t in neither of the other principal projections will there be any clear resolution of the atoms. I t is evident also th a t of the two remaining projections, th at parallel to 6 on the ac plane is likely to be the better. Moreover, with the assumption made as to the molecular symmetry, this projection has a symmetry centre, so th a t only the observed numerical values of the coefficients | F(h0l) \ need be used in evaluating the series. I t is, however, necessary to get some idea of the probable value of the x parameters, in order th at the correct sign may be given to the principal coeffi cients. The z co-ordinates of all the atoms were assumed to be known from the be projection.
A number of preliminary tests showed that it was not possible to explain the observed hOl intensities by assuming the carbon atoms of the benzene rings and the nitrogen atoms of the nitro-groups all to lie in the (100) planes while an appropriate tilt was given to the line joining the oxygen atoms in the nitro-groups. I t was soon evident that the plane of the benzene rings must be inclined to the (100) planes. There is a large difference in intensity between certain corresponding spectra of the type hOl and hOl, particularly between 102 and 102, 204 and 204, 206 and 206, which can be accounted for on no other assumption.
The clue to the ac projection is given by the very strong 102 reflexion. From the approximate absolute standardization of intensities described above, it appeared that the intensity of the 102 reflexion was 66 % of the possible maximum. This value
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can be compared with those of the strong 008, 0411 and 043 reflexions referred to at the end of the previous section. The atoms were in these cases found to be distributed roughly in sheets with the spacing about equal to th at of the corre sponding crystal planes. I t could therefore also be inferred th at the atoms of the molecules are arranged approximately in layers parallel to the (102) planes, with a spacing nearly equal to the (102) spacing. I t was also found th a t 200 was absent, and that the intensity of 104 was 44 % of the possible maximum. These observations suggest a heavy concentration of scattering m atter on or near the (102) and (104) planes to account for the strong 102 and 104 reflexions, and also a maximum dis tribution of atoms at intervals of roughly \a to account for the 200 spectrum being absent. Attempts were made to fulfil these conditions, while maintaining the assumed molecular symmetry, and to establish general agreement between observed and calculated values of | F(h0l) |. With the co-ordinates obtained in this manner, the signs of the principal coefficients of the series (4) for p(x, z) were determined, and the series evaluated with the observed values of | |. The final contour diagram for the projection parallel to b on the face (010) is shown in figure 3 , which can be interpreted by means of the key diagram, figure 4. The resolution of the atoms is very poor, and it is not possible to fix the x co-ordinates with any accuracy from it. Nevertheless, any x parameter which is finally chosen must be consistent with this projection.
It is evident from the be projection that resolution in the ab projection will be worse than in the ac projection. No attem pt was therefore made to determine the ab projection, and the final estimate of the parameters was made from the be and ae projections.
E s t i m a t i o n o f t h e p a r a m e t e r s f r o m t h e c o n t o u r d i a g r a m s
In making the final estimate of the parameters the following assumptions were made: (a) that the benzene rings are co-planar, (b) th at each is a regular hexagon of side 1*41 A, and (c) th at the molecule as a whole has a centre of symmetry mid-way between the two benzene rings. All these assumptions are in themselves probable, and it has been found possible to give a consistent explanation of the contour diagrams and of the observed intensities without going beyond them.
From the be projection it is evident that assumptions (a) and (b) are not far from the truth. I t will be seen by following the dotted lines in figure 2 th a t the atoms marked Cl5 C4, and C6 are displaced in the projection from their positions in a regular hexagon; but the displacements are not symmetrical, and have every appear ance of being due to experimental error. There is no evidence of a regular distortion such as was suspected by James, King & Horrocks (1935) in para -dinitrobenzene. The shortening of the C-C link between the two benzene rings to 1*42 A as compared with Dhar's (1932) value of 1-48 A in diphenyl is probably due partly, if not wholly, to a displacement of the atom Cx. I t must in fact be admitted th a t the accuracy of the methods of intensity measurements used was not such as to permit the deter mination of the finer quantitative details of the structure. On the other hand, the general evidence from the projection supports the assumption of regular and co-planar rings. The y and z co-ordinates were estimated on this assumption.
The crystal structure of 4 :4*-dinitrodiphenyl In determining the x parameters and the tilt of the benzene rings relative to the (100) planes, assumptions (a), (6) and (c) were retained throughout. The atoms were given co-ordinates relative to axes lying in and1 perpendicular to the plane of the benzene rings, and various inclinations of these axes relative to the crystal axes were tried, until atomic co-ordinates, consistent with the ac projection and with the observed intensities, were obtained. The final agreement between observed and calculated intensities for spectra of the types 0 and hOl was reasonably good, and there were no bad inconsistencies. For reasons of economy of space no actual tables showing this agreement are published. These have, however, been submitted with the paper, and can be seen by those interested.
D e s c r i p t i o n o f t h e m o l e c u l e s a n d o f t h e i r ARRANGEMENT IN THE STRUCTURE
In describing the individual molecule, it is convenient to use a new set of axes, 7 j, £, fixed relative to the molecule. The origin of this set of axes lies a t the point mid-way between the two benzene rings, the axis is perpendicular to the plane of the rings, and in the positive direction of the axis along the long axis of the ring system and in the direction 0x04, and the £ axis is in the plane of the rings perpendicular to £ and 7 ). The co-ordinates, in A, of the atoms of the n relative to these axes, as determined to give the best agreement with observations, are shown in table 1. The numbering of the atoms corresponds to th at in the diagrams. For the carbon atoms of the rings, the £ co-or and the rj and £ co-ordinates such as to form regular hexagonal rings of side 1*41 A. I t will be seen th at the co-ordinates of the two nitro-groups are very nearly sym metrical about the origin; indeed the departure from symmetry is within the limits of experimental error, and a symmetrical molecule may be assumed as consistent with observation.
The molecular dimensions, as based on the observations, are shown in table 2. The figures for the nitro-group may be compared with those found by James et al. (i 935) for para-dinitrobenzene, 1*25, 1*10, and 2*14 A respectively. The projections of the molecule on the planes £rj and r)£ are shown in figures 5a and 56.
The arrangement of the molecules in the unit cell is best understood from figure 6, in which the structure is viewed parallel to the a axis, projected on the plane be. The origin of the co-ordinates x, y, z lies a t 0, and the traces of the glide planes are indicated by the discontinuous lines OP. We consider one of the two symmetrically equivalent molecules. Its centre of symmetry / , the origin of the co-ordinates £, tj, £ fixed in the molecule, lies a t the point (0, -0*16, 0) relative to the axes , b, c, and is thus displaced from 0 by a distance of 0*16 A in the negative direction of b. The orientation of the molecule in the unit cell is perhaps most easily described in the following way. Assume as a first approximation th a t £ is parallel to the a axis, while 7i and £ lie in the be plane, with the positive direction of rj (IC4 in figure 6 ) rotated away from the positive direction of the b axis through an angle of 30° towards the positive direction of the c axis. Next suppose the plane of the benzene rings to be rotated about IC4 through an angle of 24° in such a direction as to depress the posi tive direction of £ below the be plane. The portions of the benzene rings so depressed are shaded in figure 6 , while the unshaded portions lie above the be plane after this tilt. Finally, suppose the molecule to be tilted through an angle of 7° about an axis through I, lying in the be plane and perpendicular to the axis tj, in such a direction as to displace C4 below the be plane in the negative direction of a. The direction of the projection of IC4 on the be plane is not'altered by either of these tilts. The pro jections of lines such as C2C6 or C3C5 which are perpendicular to the 7/ axis should make an angle of about 93° with the line IC4 in the projection.
Those portions of the molecule depressed below the plane of the figure by the second tilt are shown dotted in figure 6. In this figure throughout, the dotted outlines refer to the depression produced by the tilt of the long axis relative to the plane be, and the shading to th at produced by the 24° tilt of the molecule about the long axis. The undotted and unshaded portions represent corresponding elevations. The corre sponding elevations and depressions of the second molecule in the unit cell are a t once obtained by considering the action of the glide planes, and are also indicated in this diagram.
In the be projection, figure 2, the nitrogen atoms lie very nearly in the same line as the long axis C4C4 of the rings. They therefore lie nearly in a plane through C4C4 perpendicular to the be plane. Calculations from the co-ordinates show th at the link C4N7 makes an angle of about 22° with C4C4. The lines joining the pairs of oxygen atoms in the nitro-groups are very nearly parallel to the planes of the benzene rings, but about 0*42 A above and below them.
T h e p a c k i n g o e t h e m o l e c u l e s i n t h e s t r u c t u r e
In discussing the packing of the molecules and their distances of closest approach, it is convenient to consider first of all the relationship to each other of the molecules whose centres of symmetry all lie in the same (100) plane. These molecules are of two types. In one type, that denoted by A all h derived from a single molecule by the b and c translations of the unit cell. Those of the other type, denoted by B, are derived from those of type A by the operation of the glide planes. Molecules of each type are shown in figure 7 .
The closest distance of approach between neighbouring oxygen atoms is about 4*5 A, much greater than the corresponding distance in inorganic structures, which is about 2*7 A. The linkages holding the structure together are therefore probably not oxygen to oxygen. The closest links between adjacent molecules appear to be those between O and CH units. We may distinguish'two types of O-CH linkages, (1) as q linkages in figure 7 . The links of type p have values between 2*9 and 3*2 A, while those of type q have values between 3-4 and 3-6 A. Considering the molecular sym metry and the values of these links, it appears th at all thep linkages tend to approach a mean value 3-0 A, and the q linkages a mean value 3-5 A. This suggests th at the forces between two molecules of type A, or two molecules of type B, are greater than those between a molecule of type A and one of ty pe B.
The closest approach of CH to CH in adjacent molecules is 3*6 A, and is indicated by the lines C5C5 between two adjacent A or B molecules in figure 7 . This value may be compared with 3-60 to 3-72 A for naphthalene, 3-77 to 3-80 A for anthracene, obtained by Robertson (1933) ; 3-42 A for chrysene, obtained by Iball (1934) ; and 3'63 A for para-dinitrobenzene, obtained by James (1935)* Reference to the molecule marked B in figure 7, shows th a t there are eight O-CH links of the type p with an approach of about 3 0 A to neighbouring B molecules in the same (100) plane. There are also eight O-CH links of the type q with molecules of type A , where the distance of approach is about 3*5 A. The values 3*0 and 3*5 A may be compared with the values 3*33 and 3*42 A found by James al. (1935) k>r the O-CH links in para-dinitrobenzene.
The linkage between the molecules in adjacent (100) planes must now be con sidered. Figure 4 shows the structure projected on the (010) plane, and molecules of types A and B are again indicated. The a spacing is 3*77 A, so th a t corresponding atoms in molecules of type A or type B approach to within this distance of one another. The closest O-CH linkages between adjacent A molecules in different (100) planes is 3-9 A, and the closest link of any kind is th a t between 0 8 and 0 9 which is 3-4 A. The O-CH links between adjacent A or adjacent B molecules lying in different (100) planes are therefore longer than the corresponding links between molecules in the same (100) plane.
Reference to figure 4 shows however th at the molecules form a series of sheets nearly parallel to the planes (102), suggesting th a t the principal linkages will probably he between the molecules in these sheets. We find in fact th a t between the molecules A 2 and B x the links 0 8C2, 0 8 C8, 0 8 C2, 0 8 C8, all approximate to the value 3* 1 A, which may be compared with the links of ty p ep between molecules in the same (100) plane. These shorter O-CH links between A and or and B molecules in the same (100) plane, and between A and B molecules in adjacent (100) planes, form a system of zigzag chains running through the structure, and probably represent the main binding forces in the crystal.
To sum up, every oxygen atom of the type 0 8 approaches to within 3*5 A or less of six CH units, two such approaches being between molecules in the same (100) plane, and four between molecules in adjacent (100) planes. Each oxygen atom of the type 0 9 approaches to within about 3*0 A of two CH units. Each N 0 2 group, considered as a unit, thus makes eight such close contacts.
We have throughout this section used the term linkage in a purely geometrical sense, as denoting the distance of approach between atoms. I t seems probable th a t the close O-CH links are in fact responsible for the greater p art of the actual binding together of the crystal. The whole structure is very compact, the crystal possessing the fairly high density of 1-45 g./c.c., and is, for an organic crystal, comparatively hard. In this it resembles para-dinitrobenzene, and it is tempting to associate these properties with linkages of the type discussed between N 0 2 groups and CH units.
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